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1
SYSTEM AND METHOD FOR TRACKING
INVENTORY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/253,366 filed Oct. 19, 2005 now U.S. Pat. No. 7,818,
088, which is a Division of U.S. application Ser. No. 10/305,
525 (now U.S. Pat. No. 7,151,979) filed Nov. 26, 2002. Each
of the aforementioned applications is incorporated herein by
reference.

FIELD OF INVENTION

The claimed invention relates to wireless communication
systems. In particular, the invention relates to a paper roll that
incorporates RFID components and a system for tracking
inventory having RFID components in a warehouse environ-
ment.

BACKGROUND

Radio frequency identification (“RFID”) technology has
been used for wireless (i.e., non-contact, non-line of sight)
automatic identification. An RFID system typically includes
an RFID transponder, which is sometimes referred to as an
inlet or tag, and an RFID reader. The transponder typically
includes a radio frequency integrated circuit (“RFIC”) and an
antenna. Both the antenna and the RFIC can be positioned on
a substrate. As used herein, the term “inlet” refers to an RFIC
that is coupled to a tag. The tag includes the antenna and may
also include a substrate on which the antenna is positioned.

The RFID reader utilizes an antenna and a transceiver,
which includes a transmitter, a receiver, and a decoder incor-
porating hardware and software components. Readers can be
fixed, tethered, or handheld devices, depending on the par-
ticular application. When a transponder passes through the
read zone of a reader, the transponder is activated by the
electromagnetic field from the reader antenna. The trans-
ceiver decodes the data sent back from the transponder and
this decoded information is forwarded to a host computer for
processing. Data transfer between the transponder and trans-
ceiver is wireless.

RFID systems may utilize passive, semi-passive, or active
transponders. Each type of transponder may be read only or
read/write capable. Passive transponders obtain operating
power from the radio frequency signal of the reader that
interrogates the transponder. Semi-passive and active tran-
sponders are powered by a battery, which generally results in
a greater read range. Semi-passive transponders may operate
on a timer and periodically transmit information to the reader.
Active transponders can control their output, which allows
them to activate or deactivate apparatus remotely. Active tran-
sponders can also initiate communication, whereas passive
and semi-passive transponders are activated only when they
are read by another device first. Multiple transponders may be
located in a radio frequency field and read individually or
simultaneously.

Inventory tracking in the paper industry is currently
accomplished by positioning optically readable bar codes on
paper rolls that are stored in warehouses. Specialty paper rolls
are often produced in quantities greater than the current need
and then excess quantities are stored in warehouses for later
use. Paper rolls can be six feet tall by eight feet wide and are
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conventionally wrapped in a protective paper wrapper. Rolls
may be stacked in a warehouse in rows that are, for example,
3 rolls high.

Optically readable bar codes are positioned on the exterior
of'the paper wrappers of the rolls. Over time, the rolls can be
moved or shuffled around the warehouse. As a result, paper
wrappers can be torn and the bar codes destroyed. Even where
bar codes remain intact, when rolls are moved, bar codes can
oftentimes become unobservable because hidden from view.
As a result, paper rolls in inventory become lost in the ware-
house and need to be reproduced when the customer places
another order for the product. This results in great expense to
the paper manufacturer. In addition, unidentifiable paper rolls
remain in the warehouse taking up space and are often neither
used nor destroyed. These unidentifiable rolls continue to
reside in the warehouse indefinitely, taking up valuable space.
A system that remedies these deficiencies is desirable.

SUMMARY

According to the claimed invention, an RFID enabled
paper roll comprises a core, a paper stock wound around the
core, and a radio frequency integrated circuit (“RFIC”)
coupled to an antenna and positioned on the core. In a pre-
ferred embodiment, the core of the paper roll is tubular and
the RFIC is positioned on an RFID inlet. The RFID inlet
includes an adhesive surface and the adhesive surface is posi-
tioned on one of the inner or the outer surface of the core. The
RFID inlet may include a tag having a substrate, with the
RFIC and antenna being positioned on the substrate.

The claimed invention also relates to a system for reading
an RFIC or RFID inlet positioned on an item of inventory in
a warehouse. The system comprises a material handling
device and at least one RFID reader coupled to the material
handling device. The material handling device has at least one
member for use in transporting an item of inventory. The item
of inventory has an RFIC associated therewith. The at least
one reader is for reading an RFIC associated with the item of
inventory when the item is in proximity to the material han-
dling device.

In one embodiment of the system, the material handling
device is a fork lift truck and the at least one member is a pair
of aims extending outwardly from the fork lift truck. The at
least one reader is positioned on the fork lift truck so that
when the pair of arms are in proximity to the item of inven-
tory, the at least one reader can communicate with the RFIC
associated with the item of inventory. The RFIC may be
positioned on an inlet and be electrically coupled to an
antenna, with the inlet being positioned on the item of inven-
tory.

In another embodiment of the system, the system further
comprises a computer processor and a position locating sys-
tem. The computer processor is in communication with the at
least one reader for receiving information from the reader and
transmitting information to the reader. The position locating
system is for transmitting information to the at least one
reader and the computer processor. In a preferred embodi-
ment, the position locating system comprises a plurality of
RFID transmitters and at least one RFID receiver, with the
RFID receiver being positioned on the fork lift truck and the
RFID transmitters being positioned at spaced locations
throughout the warehouse.

The claimed invention further relates to a method of track-
ing an item of inventory in a warehouse. The method com-
prises providing the system described above, associating the
pair of arms of the fork lift truck with the item of inventory,
and powering the reader on the fork lift truck to communicate
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with the RFIC on the item of inventory to at least one of read
the information stored in the RFIC and write information to
the RFIC. The method may also include determining a pre-
ferred position for the item of inventory in the warehouse,
transporting the item of inventory to the preferred position,
depositing the item of inventory at the preferred position,
determining the position of the item of inventory once the
item has been deposited, and storing the deposited position of
the item in at least one of the RFIC and the computer proces-
sor.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 is a cut-away perspective view of a paper roll show-
ing a radio frequency integrated circuit (“RFIC”) and an
antenna positioned on the core of the paper roll according to
one aspect of the invention where the antenna and RFIC are
magnetically coupled;

FIG. 2 is a cut-away perspective view of a paper roll show-
ing an alternative embodiment of an RFIC and an antenna
positioned on the core where the antenna and RFIC are
capacitively or electrically coupled;

FIG. 3 is a cross-sectional view of the paper roll of FIG. 1
taken at line 3-3, showing the antenna positioned on an exte-
rior surface of the core;

FIG. 4 is a cross-sectional view of a paper roll similar to
that of FIG. 3, but showing the antenna positioned on an inner
surface of the core;

FIG. 5 is a schematic of a fork lift truck having clamp arms
for engaging a roll of paper according to another aspect of the
invention;

FIG. 6 is a front plan view of a fork lift truck and clamp
arms incorporating antennae and RFID readers attached to
the fork lift truck;

FIG. 7 is a front plan view of a fork lift truck and clamp
arms incorporating different antennae and RFID readers
attached to the fork lift truck;

FIG. 8 is a front plan view of a fork lift truck and clamp
arms incorporating an antenna and an RFID reader positioned
around the lift mast of the fork lift truck;

FIG. 9 is a front plan view of a fork lift truck and clamp
arms incorporating an antenna embedded in each of the clamp
arms, with the RFID readers positioned on the clamp arms;

FIG. 10 is a schematic top view of a warehouse having a
plurality of RFID transmitters for communicating to several
fork lift trucks at the same time in the warehouse;

FIG. 11 is a schematic of a fork lift truck in a warehouse in
communication with the RFID transmitters; and

FIG. 12 is a schematic top view of an alternative embodi-
ment of a warechouse having a plurality of RFID inlets
installed in a grid pattern in the floor of the warehouse.

DETAILED DESCRIPTION

One aspect of the invention relates to a paper roll 10 that
incorporates RFID components. The RFID components are
for use in identifying the contents and history of the paper roll
10, as well as its location or position within a warehouse. In
particular, FIGS. 1-4 show a paper roll 10 having an RFID
inlet 26 installed on the core 14 of the paper roll 10. Another
aspect of the invention relates to a system for reading RFID
components installed on items of inventory 16, such as rolls
of paper. The system, as shown in FIGS. 5-12, incorporates a
material handling device in the form of a fork lift truck 18
having an RFID reader 20 and a reader antenna 60 installed on
the fork lift truck 18. Another aspect of the invention relates to
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amethod of tracking inventory 16 in a warehouse 12 using the
system. Each of these aspects will be discussed in greater
detail below.

Inventory 16 in a warehouse 12 is typically stacked in
multiple rows and columns, several rows deep and high.
Inventory may include boxes or cases of products, among
other types of inventory known to those of skill in the art. One
type of inventory for which the invention is particularly useful
is rolls of paper. Rolls of paper in a warchouse environment
may be stored up to approximately 13 rolls deep and 3 rolls
high. A typical roll of paper ranges in diameter from about 2
to 8 feet, is approximately 6 to 8 feet tall, and weighs approxi-
mately 1 ton.

As shown in FIGS. 1-4, aroll of paper 10 includes a core 14
of a sturdy material, such as compressed paper fibers. The
material that makes up the core layer may be %2 to 1 inch thick
or more and is shaped in the form of a tube. A continuous
sheet of stock 24 is wound around the core 14. The stock 24
may be any type of material. An RFID inlet 26 is positioned
onthe core 14. The RFID inlet 26 typically comprises a tag 32
in the form of a thin substrate having an antenna 36 positioned
on the substrate, and a radio frequency integrated circuit
(“RFIC”) 34. The RFIC 34 and antenna 36 are electrically
coupled to one another, either by direct contact or by capaci-
tive coupling. The RFIC 34 may include semiconductor cir-
cuits having logic, memory, and RF circuitry, and may be a
silicon-based chip, a polymer-based chip, or other chips that
are known today or will be developed in the future.

An antenna 36 is positioned on the inlet 26 in electrical
communication with the RFIC. In a preferred embodiment,
the antenna 36 is positioned on the tag 32 of the inlet 26. The
tag 32 may be a paper or polymeric material, such as polyes-
ter, among other known materials. A pressure sensitive adhe-
sive 38, or other attachment medium, may be positioned on
one side of the tag 32 for use in attaching the inlet 26 to the
surface of the core 14. Alternatively, the inlet 26 may be
applied using glues, hot melts, water activated adhesives, or
other adhering mediums. The inlet 26 may be applied to the
core 14 with an automatic application device, such as a label
applicator, which applies the inlet 26 to the outer surface of
the core 14 after it has been formed into a tube. Alternatively,
the inlet 26 may be applied after the paper stock 24 has been
wound around the core 14. Furthermore, the inlet 26 may be
applied by hand or with an automated process. A preferred
position for the inlet 26 on the core 14 is near the center of the
core, although the inlet 26 may be positioned at any location
along the length of the core 14.

The antenna 36 on the tag substrate 32 may be an inductive
or a capacitive antenna 36 depending on the RF frequency
chosen for the application. The RFID transponder 26 may be
an inductive or a capacitive system. One type of capacitive
antenna is shown in FIGS. 1, 3, and 4. The capacitive antenna
includes two pads 40 of conductive material with a non-
conductive gap positioned between the pads 40. An RFIC 34
is positioned in the gap in electrical contact with both pads 40
of'the antenna. The RFIC 34 has terminals (not shown) which
may directly contact the pads 40 or may be otherwise con-
nected to the pads 40 with separate connectors. The RFIC 34
may alternatively be capacitively coupled to the antenna pads
40.

An inductive antenna in the form of a loop 42 with two ends
is shown positioned on a tag 32 in FIG. 2. The RFIC 34 is in
electrical contact with the ends of the loop 42. One end of the
loopis electrically coupled to one of the terminals of the RFIC
34 while the other end of the loop utilizes a bridging connec-
tor to couple to the other terminal of the RFIC 34.
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The inlet 26 may be positioned on an inner surface 44 of the
core 14, as shown in FIG. 4, or on an outer surface 46 of the
core 14, as shown in FIGS. 1-3. The inlet 26 may also be
embedded within the material of the core (not shown). When
the inlet 26 is positioned on the outer surface 46 of the core 14,
it is positioned on the core 14 prior to the application of the
stock 24 to the core 14. Alternatively, when the inlet 26 is
positioned on the internal surface 44 of the core 14, it may be
positioned on the core 14 either before or after the paper stock
24 is wound around the core 14. In FIGS. 3 and 4, the adhesive
layer on the tag is shown attached to one side of the tag while
the antenna and RFIC are positioned on the other side of the
tag. Alternatively, the adhesive, antenna, and RFIC may all be
positioned on the same side of the tag. With this latter embodi-
ment, the tag 32 is the outer most surface of the inlet 26 once
the adhesive 38 is applied to the surface of the core 14,
providing a degree of protection for the antenna and RFIC.

It should be noted that RFIC 34 and antenna 36 combina-
tions other than those discussed above or shown in the figures
may be utilized with the invention. For instance, the RFIC 34
may be positioned on a tag 32 for ease in attachment to a
surface of the core 14, or may be directly applied to a surface
of the core 14 or embedded in the core without a tag 32.
Furthermore, while the antenna 36 is generally positioned on
the inlet 26, the antenna 36 may be positioned on the surface
ofthe core 14 instead of on the inlet 26. When the antenna 36
is positioned directly on the core surface, the RFIC 34, which
is electrically coupled to the antenna 36, is positioned on a tag
32 or may be independent of a tag 32. The antenna 36 is
positioned on the surface of the core 14 utilizing any known
technique, such as printing a conductive ink, sputter coating a
conductive material, etching, and hot foil stamping, among
other known antenna depositing techniques. Furthermore,
RFIC 34 may be coupled to the antenna 36 by leads, connec-
tors, interposers, or other known techniques for coupling an
RFIC 34 to an antenna 36.

While the invention has been discussed in the context of
rolls of paper, the invention is not limited specifically to
paper. Other types of materials may also be wound around the
core 14. Moreover, as discussed below, the system of the
invention may be utilized with any type of inventory that is
transportable by a fork lift truck 18 or similar material han-
dling device. For example, the inventory may include a plu-
rality of cardboard boxes that are filled with a product. An
inlet 26 may be positioned on an inner or outer surface of each
of the cardboard boxes, positioned on the products them-
selves, or simply positioned inside the box on a floating inlet.

Material handling devices, such as fork lift trucks 18, are
typically used in a warchouse 12 to move inventory 16, which
is often stored on pallets. Fork lift trucks 18 include attach-
ments in the form of arms 22 for engaging and moving the
pallets, as shown in FIG. 11. The arms 22 may also engage the
inventory itself without the need for pallets, depending on the
size and shape of the inventory.

One type of fork lift truck 18 is known as a clamp truck.
Clamp trucks, such as those shown in FIGS. 5-10, are used to
lift heavy rolls of paper. Clamp trucks include large curved
arms 22a having clamp pads 22b. The clamp arms wrap
around the paper roll 10, lift and transport the paper roll 10,
and deposit the roll in either a storage location within the
warehouse 12, or on a truck or train for transportation out of
the warehouse 12. Since rolls of paper can be costly, it is
desirable to electronically track the location of rolls in a
warehouse 12.

The present invention tracks the location of rolls of paper
by positioning an RFID inlet 26 (i.e., RFID transponder) on
the core 14 of each paper roll 10 and installing a reader 20 on
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the fork lift truck 18 for communication with the RFIC posi-
tioned on the RFID inlet 26. A warehouse position locating
system 28 tracks the location of each fork lift truck 18 in the
warehouse 12. A first computer processor 58 is positioned on
the fork lift truck 18 and a second computer processor 30 is
positioned in the warehouse 12. Based on the location of the
truck in the warehouse, the position of the paper roll 10 is
calculated and the position and the paper roll’s associated
unique ID(s) is communicated from the RFID reader 20 to the
second computer processor 30. The second computer proces-
sor 30 includes a data processor and the data processor main-
tains the position information and corresponding unique 1D
for each item of inventory 16. The second computer 30 may
link this information to another site, such as the internet, for
offsite monitoring. The system permits automatic, at a dis-
tance, non-line of sight communication.

Referring to FIGS. 5-12, the system of the present design
utilizes a fork lift truck 18 as a mobile carrier for an RFID
reader 20. The reader 20 is in communication with the second
computer processor 30 in the warchouse 12 and the first
computer processor 58 that is positioned onboard the fork lift
truck 18. The reader 20 is electrically or magnetically coupled
to the RFID inlet. The system also utilizes a position locating
system 28, which is in communication with the second com-
puter processor 30 and the first computer processor 58. The
second computer processor 30 includes a database system for
storing of data. The position locating system 28 operates on
principles similar to that of the global positioning system
(“GPS”) and tracks the location of items of inventory 16 in the
warehouse 12. One type of position locating system 28 is a
positional beam system, which utilizes RFID transmitters 48
and RFID receivers 50 positioned on each fork lift truck 18, as
shown in FIGS. 5,10, and 11. In a preferred embodiment, the
RF polling system is a receiver 50 having a spinning or
stationary flat planar antenna(e) 54 positioned on top of each
fork lift truck 18 and the transmitters are RFID beacons 48
positioned on the ceiling 52 of the warehouse 12. The position
locating system 28 may also utilizes a truck mounted inertial
measurement unit 56 (“IMU”), in combination with distance
sensors, or another location measurement device or sensor,
which is used to track the location of the truck based upon the
truck’s movement. The position locating system is comprised
of several sub-systems. One subsystem is the Radio Fre-
quency Direction Finding system (“RFDFS”), depicted in
FIGS. 10 and 11. The RFDFS includes a plurality of RFID
transmitters or beacons and at least one receiver, In one
embodiment, the system processes a number of signals
received by the receivers 50 from the beacons 48 and mea-
sures angular position difference information for a selected
number of signals. In a preferred embodiment, the beacon
signals are received by each receiver 50, and two of the
signals are selected, digitized, and processed by the first
onboard computer processor 58. Triangulation and filtering
algorithms are stored in the onboard first computer processor
58, as well as tracking algorithms that are utilized to process
RFDFS/Location Measurement Device measurements. The
algorithms are applied to the signal data in the onboard com-
puter processor 58 to calculate a position of the lift truck 18 in
the warehouse 12 and a position of the item of inventory 16.
The programming in the first computer processor may also be
utilized to calculate a position of a defined reference point in
the warehouse.

Inoperation, the reader 20 communicates with the RFIC 34
in a conventional manner. For example, with a passive RFIC
34, the reader 20 powers the RFIC 34 so that the RFIC 34
communicates information stored in the RFIC 34 to the
reader 20. The reader 20 then communicates the information
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stored in the RFIC 34 to the second computer processor 30.
Material identification, manufacture date, customer, and
other data are preferably stored in the RFIC. The RFIC 34
may be written to by the reader 20 to store additional infor-
mation in the RFIC 34, such as material weight. For example,
if the paper roll 10 is moved from a first position in the
warehouse to a conveyance, information regarding the ship-
ping information may be written to the RFIC. The informa-
tion may either be written over existing information, or added
to existing information stored in the RFIC 34. Information is
also updated in the second computer 30 whenever inventory
16 is moved in the warehouse, or removed from the ware-
house.

Each reader 20 is preferably associated with a reader
antenna 60. In one embodiment, shown in FIG. 5, readers 20
are positioned on the arms 22a of the fork lift truck 18 and a
reader antenna 60 is associated with each of the readers 20.
The reader antenna 60 is formed by coating each fork lift arm
22a with a conductive material, such as a conductive ink, and
coupling the fork lift arms 22a to the reader 20 by an electrical
connector (not shown). A reader 20 is coupled to each arm so
that the left arm represents an electrical potential that is sepa-
rate from that of the right aim. When the fork lift arms 22a
come into contact with the paper roll, the charge is dissipated
through the RFID transponder via the capacitive couple to
allow communication between the readers 20 and the RFIC
34 that comes into proximity with the reader 20.

In another embodiment of the system, as shown in FIGS.
6-9, a reader antenna 60 is positioned in a conductive loop 62
that extends outwardly from the fork lift truck 18 and the
reader 20 is positioned on the fork lift truck 18. The reader
antenna 60 is electrically coupled to the reader 20 by cables or
other connectors. The reader antenna may include a rigid,
conductive tube positioned in the shape of a loop 62 with
several conductor turns. The loop may include stabilizing
members 70 that bisect the loop so that the loop forms a
ladder-like configuration, as shown in FIG. 6. The reader
antennae 60 may be positioned adjacent each other to form a
grid that extends from or is positioned on the fork lift truck 18.

In other embodiments, the reader antenna 60 forms a loop
shape without the need for stabilizing members, as shown in
FIGS. 7-9. The tubes of the antenna are preferably formed of
a conductive material such as copper or aluminum. A wire
transformer is suspended inside the tube and is buffered from
the tube walls by a buffering material, such as an insulating
dielectric. The wire transformer is in electrical communica-
tion with the reader 20 and is preferably connected to the
reader by a cable or other connector. The conductive tube of
the loop antenna 62 is utilized to protect the antenna’s wire
transformer and is also used to shield the transformer from
electromagnetic noise. The conductive tubes help to shield
any electromagnetic noise and drain electromagnetic current
to neutral. Other types of antenna configurations and shield-
ing may also be utilized. The antenna is preferably positioned
so it does not interfere with the operation of the arms 22, 224
or pads 2264.

FIGS. 6-9 show a variety of locations for the readers 20 and
the reader antennae 60. FIG. 6 shows two ladder-like antenna
loops, with one of the loops positioned on one side of the lift
mast 64 and the other positioned on the other side of the lift
mast 64. The loops are attached to the fork lift truck 18 by the
back plate 66 with a bracket 68. The back plate 66 is the
portion of the fork lift truck 18 where the attachments, such as
the clamp arms 22a, are connected. The loops 62 are angled
relative to the lift mast 64 in order to approach or obtain 360°
RF coverage when an item of inventory is positioned in the
arms 22a. The loops are fixed to the back plate 66 by the
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brackets 68 and do not move when the clamp arms 22a move.
In an alternative embodiment, the reader antenna loops 62
move up and down with the movement of the arms 22a. The
antenna loops are configured to not interfere with the move-
ment of the clamp arms or the movement of the thick into tight
spaces. In this regard, it is desirable that the loops do not
extend outside the width of the truck 18. Each reader antenna
loop 62 is positioned on the back plate 66 and coupled to the
reader 20 by a cable. The reader 20 may range in size depend-
ing on the manufacturer, with a typical size being approxi-
mately 6"x4"x2". A separate reader 20 is generally provided
for each reader antenna loop 62, although a single reader may
be used with multiplexed antennae. The reader is powered by
the fork lift truck’s electrical system, although a separate
power system may alternatively be provided, if so desired.

FIG. 7 shows two reader loop antennae 62, positioned on
either side of the lift mast 64. The loops are attached to the lift
mast 64 by brackets 68, are not movable, and preferably
extend the full height of the lift mast 64. Readers 20 are
coupled to the loops 62 and are positioned on the lift mast 64.
The readers 20 are electrically coupled to the antenna loops
62 by cables or other connectors. The antenna loops of FIG. 7
are similar to the antenna loops of FIG. 6, but do not include
the stabilizing members 70. The tubes that form the outer
shell of the reader antenna loops 62 are preferably of a size
that permits them to be stable and sturdy without the need for
stabilizing members 70. For instance, 1" or 2" copper tubing
may be utilized to form the tube loops. As with the embodi-
ment of FIG. 6, the loops are fixed in position by the brackets
68 and are preferably angled within the roll constant surface
plane of the clamp arms 22a and pads 225 to provide 360° RF
read coverage. The loops 62 are preferably spaced from the
lift mast 64 by a distance in order to prevent RF field loss
between the lift mast 64 and the antenna loops 62. A preferred
spacing 2" to 4".

FIG. 8 shows a reader single loop antenna 62 that is posi-
tioned around and outlines the lift mast 64. The loop 62
includes tubes and a transformer similar to that discussed
above, but is wider than prior embodiments due to the size of
the 1ift mast 64. The reader antenna 60 is preferably spaced
from the lift mast 64 by 2" to 4" in order to avoid any RF field
loss between the mast 64 and the antenna 60 and is connected
to the mast 64 by brackets 68 or other connectors. Depending
on the shape and size of the mast, the antenna loop 62 may
wrap around the back of the mast 64, as shown in FIG. 8, or
may extend over the top and under the bottom of the mast 64.
Because of the larger width of the antenna 62 caused by the
width of the lift mast 64, effective read ranges are obtained. In
this embodiment, the reader 20 is positioned on top of the lift
mast 64, although it could be positioned at other locations,
such as on the antenna loop 62 or the truck body, among other
locations.

FIG. 9 shows an alternative embodiment where the reader
antenna loops 62 are recessed into the face 72 of the clamp
arms 22a and clamp pads 22b. Two antenna loops 62 are
shown, one positioned on each clamp arm 22a. The loops 62
are tubes that are positioned in troughs on the clamp arms 22a
and clamp pads 225, and the readers 20 are positioned on their
respective clamp arms 22a. In this embodiment, the loops are
recessed below the face 72 of the clamp arms 22a/clamp pads
22b in order to avoid any physical interference between the
antenna loops and the inventory being transported. The
antenna loops 62 are suspended in an insulating dielectric
positioned between the antenna loop and the metal trough.
The insulating dielectric prevents the antenna loop from mak-
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ing contact with the metal of the clamp arm 22a/clamp pad
22b in order to avoid any electromagnetic interference or
shorting out of the antenna.

In yet another embodiment, the reader antenna loop 62
encompasses the back plate 66. This embodiment is similarto
that of FIG. 7, except FIG. 7 shows the loop around the lift
mast 64. A clearance of 2" to 4" around the back plate 66 is
preferred in order to avoid any RF field loss. In this embodi-
ment, the reader 20 may be positioned on the back plate 66,
the arms 22a, 2254 the lift mast 64, or the truck body.

The reader antenna loops 62 range in size depending on the
size of the fork lift truck 18 and the arms 22, 22a, 22b. In one
embodiment, such as those where the loops are positioned on
either side of the lift mast 64, the width of the loop ranges
from about 12" to about 24", with a preferred width being 20".
In embodiments where the reader antenna 60 is positioned
around the lift mast 64 or back plate 66, the antenna may be
wider, such as about 36". The height of the antenna loop 62 is
dependent on the range of coverage desired. For instance, if
the lift mast 64 has a lift height of 48", the antenna also
preferably has a read height of 48" or more. The antenna 60
will typically provide a read coverage for the entire height of
the antenna. Therefore, if a read height of 50" is desired, the
antenna should be at least 50" high.

The height and width of the antenna 60 determines the
coverage area for reading the RFD inlets 26 positioned on
inventory 16. Where numerous items of inventory 16 are
positioned in or on the arms of the fork lift truck 18 at one
time, such as where a pallet carries boxes of products, the
reader 20 will read the RFIC 34 of each item of inventory 16.
Thus, the computer will know that the particular item of
inventory is on the pallet, but will not be able to determine the
precise location of the inventory on the pallet. An alternative
antenna/reader configuration may be utilized similar to that
shown in FIG. 6, but incorporating a separate antenna loop
and reader for each part of the ladder. With the configuration
shown in FIG. 6, three separate antenna loops 62 are stacked
on top of each other on each side of the lift mast 64 and a total
of six readers 20 are positioned on the fork lift truck 18. The
readers 20 may be positioned on the clamp arms 22a, the back
plate 66, the lift mast 64, the body of the truck, or the antenna
loop 62. With this multiple antenna/reader configuration, the
reader 20 can be used to determine the location of the RFIC 34
with greater precision than where a larger, single loop is
utilized. The first computer processor 58 on the truck 18
utilizes algorithms to more precisely determine the position
of the RFIC 34 by cycling the readers 20 and using field of
strength measurements, among other methods.

The reader 20 on the fork lift arms 22, 22a can be Motoro-
la’s BiStatix, Philips’ Icode, or any other reader that meets the
electrical requirements of the system. Since the paper on the
roll creates losses in the radio frequency signal from the
reader 20 and RFIC 34, a lower frequency signal may be
required to avoid excessive attenuation losses. Advanta-
geously, when the fork lift truck arms or pads are touching the
paper roll 10, the conductive surface of the reader 20 does not
have high frequency reflections at the paper interface, which
helps to reduce reflected energy losses.

The fork lift reader 20 may be activated automatically or
manually. For example, the reader 20 may be manually acti-
vated by the fork lift operator by activating a switch when
desired to obtain a reading from the RFIC 34 or to write to the
RFIC 34. The switch may be positioned in the cab of the fork
lift truck 18 and may be engaged by the operator when the
clamp arms 22q are in close proximity to an item of inventory
16. The inventory 16 may be in the grasp of the clamp arms
22a or pads 22b, or may be positioned near the clamp arms
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22a or clamp pads 22b. In order for the reader 20 to properly
interrogate the RFIC 34, it must be close enough to the inven-
tory 16 to obtain a reading. The necessary proximity require-
ment is driven by the size and type of antenna 36 that is
coupled to the RFIC 34 installed on the core 14, the size and
type of antenna 60 coupled to the reader 20 on the fork lift
arms 22, 22a, the distance and type of material through which
the reader 20 and RFIC 34 signal must travel, the location of
the reader 20 relative to the RFIC 34, and the existence of any
obstructions between the reader 20 and the RFIC 34, among
other factors.

The reader 20 may alternatively be automatically activated.
For example, the reader 20 may be activated when the clamp
arms 22a or pads 225 come in contact with the paper roll 10.
A pressure switch may be positioned on the clamp arms or
pads and activated when the clamp arms 22« have contacted
aroll of paper 10. In another embodiment, switches or sensors
are positioned on the clamp aims 22a and activate when the
clamp arms 22a or pads 224 are brought to a point towards
one another that signals the clamp arms have engaged a roll of
paper 10.

In a preferred embodiment, pressure switches are associ-
ated with the movement of the clamp aims 22a. The clamp
arms 22a typically include hydraulics that move the arms
inwardly and outwardly to grasp a roll of paper 10, transport
it, and deposit it. In order to grasp a roll of paper 10 and
transport it, the clamp arms 22a apply pressure to the roll.
Pressure switches are coupled to the movement of the clamp
arms 22a in a conventional manner and are sensitive to the
pressure being applied by the clamp arms 22a or clamp pads
22b as they grasp a roll of paper 10. When the pressure
reaches a predetermined triggering level, the first processor
detects and directs the reader 20 to activate and communicate
with the RFIC 34. When the clamp arms 22a and clamp pads
22b release the transported roll of paper 10, the pressure level
of'the clamp arms 22a passes by the triggering level and, once
again, the reader 20 communicates with the RFIC 34 and first
computer processor 58. In operation, the reader 20 interro-
gates the RFIC 34 and reads the data stored in the RFIC 34.
When the fork lift arms 22a are lowered or opened to release
the paper roll 10, the location of the paper roll 10 is deter-
mined using the position locating system 28. The position
information is transmitted from the first computer processor
58 to the second computer processor 30 for later use. Each
time the paper roll 10 is moved, the position information is
preferably updated in the second computer processor 30. The
position information may be stored even when the paper rolls
10 are loaded into trucks and railway cars for transportation to
customers. The position locating system 28 can survey the
frontier of the warehouse to determine when a fork lift truck
18 has left the frontier, such as when a truck 18 leaves the
warehouse to deposit a roll of paper in a train or truck for
transport to the customer. In addition, automatic input into the
second computer processor 30 is utilized when an item of
inventory is removed from the warehouse.

In a preferred embodiment, the position locating system 28
is activated automatically to determine the position of the
receivers 50 on the fork lift trucks 18 at appropriate operation
periods, such as when the truck 18 is positioning an item of
inventory 16 in the warchouse 12. In a preferred embodiment,
the RFID receivers 50 are continuously receiving the RFID
beacon signals to continually determine the position of the
RFID) receivers, although other embodiments may use a
periodic, rather than a continuous sampling.

The number of RFID beacons 48 needed for the warehouse
position locating system 28 will depend upon warehouse size,
density of paper rolls, operating frequency, and the number of
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electromagnetic scattering objects. FIG. 10 shows a ware-
house 12 having multiple beacons 48. FIG. 11 shows a ware-
house having four beacons 48. The RFID beacon density may
be uniform or non-uniform.

The beacons 48 are transmitters that transmit RF signals at
a specific frequency, where each beacon transmits a different
frequency, such as is known with Frequency Division Mul-
tiple Access (“FDMA”) Systems. Each frequency is tied to a
specific beacon and the receivers can determine which beacon
they are receiving signals from based upon the frequency of
the signal they receive. Additionally, the second computer’s
database maps out the location of each beacon. Through
triangulation techniques, the receiver location is determined
by calculating the angular location of the sensed beacon in
relation to the same beacon’s absolute location. In a large
warehouse, frequencies may be duplicated when transmitters
are spaced so far apart that confusion of location is not likely.
The beacons 48 are fixed at specific locations so that when an
RF signal is received by the receiver 50, the location of the
signal can be precisely determined The spacing of the bea-
cons 48 is determined using known spacing techniques.

The receiver 50 is preferably mounted on the fork lift truck
18 and includes a spinning and/or flat stationary planar anten-
na(e) for use in continually communicating with the RFID
beacons 48. The receiver 50 communicates with all beacons
48 in its relative vicinity and, utilizing tracking algorithms
stored in the first computer processor 58, selects several of the
signals for processing. The tracking algorithms preferably
select the beacons 48 proactively, by seeking out new beacons
48 as the receiver 50 is moved about the warehouse 12. The
proactive nature of the tracking algorithm adds to the stability
of the system, since the receiver is continually receiving
angular measurements from several beacons 48 at a time. The
receiver 50 has numerous modules (hardware), some of
which include programming for receiving high frequency
signals and down converting them to lower frequencies.
Other modules include programming for digitizing the sig-
nals for use with the algorithms in the first computer proces-
sor 58. The modules are stored within the first computer
processor housing 58 and spinner assembly housing 54.

A warehouse environment is potentially susceptible to
multipath errors due to metal or other structures in the ware-
house 12 that reflect the electromagnetic waves emitted by the
RFID beacons 48. Multipath errors are caused when a radio
signal is received directly by an antenna, but then the same
signal is received again as it is reflected off an interfering
structure. The use of “Preprocessing” filters minimizes the
instability effects that multipath may cause by selectively
ignoring beacon multipath measurements. Preprocessing fil-
ters can be used on radio signals to filter out any erroneous
signals. The signals may then be further refined in a Kalman
Filter, which is a multiple-input software filter that can opti-
mally select or reject, in real time, the sensor inputs based on
the quality of the respective sensor measurements. The Kal-
man filter may reject erroneous sensor inputs to calculate the
desired output of the position locating system 28 with the
location measurement unit 56, and a Kalman filter provides
improved overall navigation accuracy. The Kalman filter may
reside in the receiver 50, in the first computer processor 58, or
in the second computer processor 30. A preferred location for
the Kalman Filter is in the first computer processor 58.

In one embodiment of the system, a location measurement
device 56, such as an inertial measurement unit (“IMU”), is
positioned on the fork lift truck 18 and used to track the
location of the truck 18 in RF “blind” areas. Inertial measure-
ment units 56 are self-contained position measurement
devices that monitor position based upon the movement of the

20

25

30

35

40

45

50

55

60

65

12

vehicle. Distance sensors are preferably coupled to the iner-
tial measurement unit to monitor movement of the truck 18.
IMU’s may include such features as a lateral accelerometer, a
longitudinal accelerometer, a yaw rate gyro, and other devices
for determining distance traveled and accurate stop state,
among other components. The inertial measurement unit 56
can also be utilized to measure the fork lift trucks heading
angle through the use of an electronic compass compared to
that of a reference (i.e., true North) for use in calculating the
position of the truck. The unit 56 makes calculations of the
position of the receiver 50 based upon the movement of the
vehicle and maintains a stable calculation up to about 12
seconds. It works in concert with the RFDFS 28, which
updates the “absolute” position of the receiver 50 based upon
measurements taken from the beacons 48 through the receiver
50. The inertial measurement unit 56 and distance sensors
update the Kalman filter during time periods between Kalman
filter updates by the RFDFS 28. In this way, the Kalman filter
output is stable during movements and the system continually
has position information.

Other types of devices and/or sensors, or combinations of
sensors and devices, may also be used as the location mea-
surement unit 57 instead of the IMU. For example, position
information can be determined by using distance sensors,
which are typically coupled to the wheels of the truck and are
used to determine distance traveled based upon rotation of the
wheels, in combination with an electric compass, which is
used to establish heading. A combination of these two devices
are used to determine the position of the truck between
updates from the position locating system. Other devices,
besides those described above, may also be utilized to deter-
mine the position of the truck between updates. The term
“location measurement device” is used herein to described
either a typical inertial measurement unit or other types of
devices. The purpose of the location measurement device is
determine the location of the truck between communications
with the position locating system.

Referring to FIGS. 10 and 11, the position of the receiver
50 in the warehouse 12 is determined through triangulation
calculations of known RFID beacon locations in the ware-
house 12. Algorithms utilized to perform the position calcu-
lations are stored in the first onboard processor 58. The sec-
ond computer processor 30 is generally utilized for storing
inventory data and for handling communications to the lift
truck 18 drivers. In order to avoid overloading the second
computer processor 30 with the numerous calculations nec-
essary to determine the position of the receiver 50, these
calculations are preferably performed on the first onboard
computer processor 58. The necessary algorithms for deter-
mining the position of the lift truck 18 in the warehouse 12 are
preferably stored in the first computer processor 58. These
algorithms, for example, take the signals received from all the
beacons 48 in relative proximity to the truck 18 and perform
a triangulation calculation to determine the position. In a
preferred embodiment, two of the beacons 48 are utilized to
perform the triangulation calculation. Therefore, two signals
are selected from the numerous signals received by the first
onboard processor 58. The triangulation technique measures
the angular position of the spinner when the known beacon
position is read.

The first onboard computer processor 58 is utilized to
resolve errors from the calculations to improve the accuracy
of the calculated position information. Algorithms are uti-
lized to resolve errors that are inherent in the system such as
multipath, partial blockage, or other errors, as known by those
of'skill in the art. As previously discussed, one algorithm that
may be used to correct for any erroneous measurements in the
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position calculation is a Kalman Filter. The first computer
processor 58 also includes algorithms for use in calculating
the position of the item of inventory 16 based upon the cal-
culated position of the lift truck 18.

When the item of inventory 16 is a paper roll 10, the
algorithms stored in the first computer processor use an x-y
offset to determine where the center of the core 14 is based on
the size of the paper roll and the orientation of the truck 18. An
algorithm may also be utilized to determine the height at
which the paper roll is positioned to account for stacking of
the paper rolls 10. In this regard, the fork lift truck 18 prefer-
ably includes a device for determining the deposit height of
the roll. In a preferred embodiment, the core center location is
the position information transmitted to the RFIC 34 and sec-
ond computer processor 30.

In operation, the receiver 50 on the fork lift thick 18 first
runs an initial sweep of all the beacons 48 in the immediate
vicinity of the truck 18 to determine an initial position of the
truck 18. Paper roll position information is also transmitted to
the second computer processor 30 whenever inventory is
moved. The position locating system 28 stores the position of
each roll, with an accuracy of approximately +1 foot. The
second computer processor 30 can provide an immediate
warning when inventory is improperly positioned in the ware-
house 12, and can proactively suggest the proper material
placement position. In addition, the second computer proces-
sor 30 can provide independent verification of shipment con-
tents, interface with all warehouse tracking system software
packages, provide inventory reports if so desired, and may be
linked to the internet.

In addition to positioning readers 20 on the clamp trucks
18, the system may be expanded to also include readers posi-
tioned at other places within the manufacturing and transpor-
tation system, such as on paper machine rewinders and pro-
cess points, as well as on trucks or train cars, the invention not
being limited to placement of readers 20 on fork lift trucks 18
alone. In addition, the receivers 50 may be positioned as
stationary receivers at points within the warehouse 12 to
provide a type of Differential GPS system, as known by those
of skill in the art.

In an alternative embodiment of the system, the fork lift
truck 18 includes the beacon transmitter 48 and receivers 50
are positioned throughout the warehouse 12. In either case,
the captured positional data will be processed by the first
computer processor 58 and the unique information on the
RFIC 34 on each item of inventory 16 will be sent to the
second computer processor 30 for processing and distribu-
tion.

The position locating system 28 has been discussed herein
in the context of a pseudo-GPS type system. Those of skill in
the art will recognize that variations and improvements may
be incorporated in the present disclosure to improve the
operation of the system, according to currently existing
knowledge in the art. The brief description of the position
locating system discussed herein illustrates several of many
possible embodiments. Furthermore, the invention is not lim-
ited to the particular position locating system described
herein. Other types of position locating systems may also be
utilized, including those that are not based upon GPS prin-
ciples.

For example, in yet another embodiment of the system, the
RFDFS system (including the beacons and receivers) may be
entirely replaced by a position locating system that includes
RFIC’s and their associated antennae installed in or on the
floor 74 of the warehouse 12. The RFIC’s are preferably
passive and are powered by an external reader. As shown in
FIG. 12, a plurality of RFID inlets 26 are installed in the floor
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74 of the warehouse 12 in a regular grid pattern. The position
of'each RFIC on each inlet 26 within the grid is known since
the inlets 26 are fixed positionally on the floor 74. The inlets
26 may be positioned on top of the floor 74, or, in a preferred
embodiment, are embedded in the floor 74 and covered by a
protective material, such as a laminate. The RFID inlets 26
replace the beacons 48 discussed above in connection with
FIGS. 10 and 11. A reader or readers positioned on the truck
18 replace the receivers 50. In one embodiment of the alter-
native system, a single additional reader 76 is installed on the
truck 18 and is positioned for communicating with the
RFIC’s installed in the floor 74. The reader has an antenna 60
and the inlet 26 have antennae 36. The reader antenna 60 and
inlet antennae 36 are configured to provide a limited read
distance such that dead bands 78 are found on the floor 74. In
the dead bands, the reader 76 loses communication with the
inlets 26.

The dead bands 78 are utilized to avoid readings from two
inlets 26 at a single time. The dead bands 78 are configured
suchthatonly one RFID inlet 26 is readable at a single time by
the reader 76. During times in which the reader 76 is posi-
tioned in a dead band 78, the IMU 56, or location measure-
ment unit, may be utilized to supplement position informa-
tion, as discussed above. Position information can be
calculated by the onboard computer 58 and transmitted to the
base station computer processor 30 via wireless means.

In another embodiment of this alternative system, two or
more additional readers 76, 80 are positioned on the forklift
truck 18 at spaced locations from each other. For instance, one
reader 76 is positioned at the front of the truck 18 and the other
80 is positioned at the rear of the truck 18. The multiple
readers can be used together to triangulate a position of the
truck 18. When one of the readers is in a dead band 78, the
other reader 80, which is preferably not positioned in a dead
band 78, can continue to determine the position of the truck
18 until the other reader 76 reestablishes contact with an inlet
26. With multiple readers 76, 80, the readers can actually
replace the IMU 56 and its associated sensors so that the
position of the truck 18 can be determined in a less mechani-
cally complicated manner. Alternatively, instead of using
multiple readers 76, 80, a single reader could be utilized that
has multiple antennae positioned around the truck body. The
reader can multiplex through the multiple antennae to obtain
readings from nearby inlets 26. The multiple readings can be
used to triangulate a position of the truck 18. Two or more
antennae can be positioned around the truck. Since readings
can be performed in a continuous manner, the IMU can be
eliminated.

Readings performed by the readers 76, 80 are preferably
continuous, but may be intermittent. In addition, the inlets 26
may alternatively be powered to provide a longer read range,
if desired. Dead bands 78 may be sized so that they are smaller
in width and length than a typical fork lift truck 18 in order to
minimize the likelihood that two or more of the antennae will
be positioned in a dead band 78 at a single time.

The systems described above provide a number of benefits
in real time, including the ability to track the location of
inventory, improve warehouse utilization by mapping the
warehouse, improve the placement of inventory utilizing an
alarm system, provide independent shipment verification,
and provide an electronic physical inventory.

A reader and reader antenna similar to that depicted in FIG.
6 were tested and achieved fill read/write capability through a
base stock roll of paper that was 75 inches thick. In addition,
full mast height read coverage was attained with the antenna
design so that the reader 20 could read all stacked rows of

paper.
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In the preferred embodiments discussed herein, the RFIC
34 is passive. However, a semi-passive or active system is also
contemplated for use with the present design. If a semi-
passive or active RFIC is utilized, a battery is coupled to the
RFIC. In addition, a sensor may be electrically coupled to the
RFIC for communication with the RFIC, such as a MEMS
(micro electromechanical system) sensor. The sensor may be
used to read environmental or other conditions, including
physical and chemical properties, in the vicinity of the sensor.
Examples of environmental properties include temperature,
pressure, and humidity, among other conditions. Multiple
sensors may be utilized with a single or multiple RFICs.

The sensors can transmit a sensed condition to the RFIC
when commanded to do so. In this regard, the RFIC may be
passive, semi-passive, or active. When the RFIC is passive,
the reader powers the RFIC and the RFIC then takes a reading
of the condition with the sensor. The sensed condition is then
transmitted back to the reader. When the RFIC is active or
semi-passive, it is battery powered such that the RFIC and a
clock on the RFIC are continually powered. The battery pow-
ered RFIC can independently signal the sensor periodically to
sense a condition and the sensed condition is transmitted to
the RFIC for storage in a log or immediate transmission to a
reader. Certain types of sensors also require battery power
and the power needed by the sensor may be provided by the
same battery that is utilized to power the RFIC.

The sensor can be built directly into the RFIC or connected
to the RFIC by a connector. Alternatively, the sensor can
operate by wireless signal transfer, so that a physical link
between the sensor and RFIC is not required. The sensor and
battery may be positioned on the substrate of the tag, or may
be positioned independently of the substrate and electrically
coupled to the RFIC. One type of passive sensor that may be
utilized, for example, to read a temperature is manufactured
by SCS of San Diego, Calif. A type of active sensor that may
be utilized, for example, to record temperature data is manu-
factured by KSW of Germany. Other types of sensors may
also be utilized.

A variety of commercially available tags, inlets, and radio
frequency integrated circuits are contemplated for use with
the claimed invention. For example, tag suppliers include
Poly Flex Circuits, Cross Technologies, and Global ID. RFIC
suppliers include Philips Semiconductor, Temic, and E.M.
The preferred tags are low profile in order to avoid marking
the paper on the roll.

While various features of the claimed invention are pre-
sented above, it should be understood that the features may be
used singly or in any combination thereof. Therefore, the
claimed invention is not to be limited to only the specific
embodiments depicted herein.

Further, it should be understood that variations and modi-
fications may occur to those skilled in the art to which the
claimed invention pertains. The embodiments described
herein are examples of the claimed invention. The disclosure
may enable those skilled in the art to make and use embodi-
ments having alternative elements that likewise correspond to
the elements of the invention recited in the claims. The
intended scope of the invention may thus include other
embodiments that do not differ or that insubstantially differ
from the literal language of the claims. The scope of the
present invention is accordingly defined as set forth in the
appended claims.

The invention claimed is;
1. A system for managing inventory in a structure, the
system comprising;
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a plurality of spaced-apart references, each reference
including an identifier indicative of a reference position
amongst the references;

avehicle in the structure, the vehicle including recognition
device configured to read the identifiers; and

a computing system for receiving the identifiers from the
recognition device and configured to determine a vehicle
position relative to the spaced-apart references;

wherein, the recognition device simultaneously reads iden-
tifiers from a plurality of references and the computing
system triangulates to determine vehicle position.

2. The system of claim 1 wherein the vehicle is a product

handling device.

3. The system of claim 1 wherein the product handling
device is a forklift.

4. The system of claim 1 wherein the vehicle is a material
handling device having a pair of arms extending outwardly
that are used to secure products and an automatic identifica-
tion device on the material handling device is triggered upon
the operation of the arms, the automatic identification device
adapted to receive product information from an identification
tag on a product.

5. A material handling device comprising;

a position determining arrangement associated with the
material handling device, the position determining
arrangement recognizing a position of the material han-
dling device relative to the positions of a plurality of
spaced-apart references;

a product identification device being automatically trig-
gered upon a relocation of a product by the material
handling device, a product identification resulting in a
signal that identifies the product to an administrator for
inventory management purposes;

wherein the material handling device includes a securing
device that extends out and engages products and a
securement of the product is recognized upon an activa-
tion of the securing device; and

wherein a pressure switch is positioned on the securing
device, and when said securine device is activated upon
a loading of the product, the pressure switch causes
activation of the product identification device.

6. A system for management of inventory, the system com-

prising:

at least one vehicle;

a first inventory reader coupled to the at least one vehicle,
the inventory reader configured to obtain inventory iden-
tification information;

a plurality of spaced-apart surveyable references located
above said vehicle;

a second locating reader coupled to the at least one vehicle,
each of the spaced-apart surveyable references present-
ing one or more signals, said signals being receivable by
said second reader on said vehicle;

a first computer processor in communication with said
second reader;

a position locating system for triangulating a position of
said vehicle relative to said spaced-apart surveyable ref-
erences using said first computer processor; and

a location measurement device mounted on the vehicle for
dynamically determining the position of the vehicle
based at least in part upon sensed readings relating to the
movement of the vehicle and wherein the location mea-
surement device works in concert with the position
locating system to update the position of the vehicle.

7. The system of claim 6, wherein the location measure-

ment device comprises an inertial measurement unit.
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8. The system of claim 6, comprising an error-compensa-
tion module operating in the computer.

9. The system of claim 8, wherein said error-compensation
module is a Kalman filter process.

10. The system of claim 6, wherein the vehicle is a material
handling device.

11. The system of claim 10, wherein the material handling
device is a forklift.
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12. The system of claim 10, wherein the material handling
device includes a securing device that extends out and
engages a product from the inventory; and

wherein the first inventory reader is automatically activated

upon engagement of said securing device with said prod-
uct.



